The Tentaculitoidea is represented by extinct invertebrates characterized by small, conic, carbonate shells of animals that inhabiting exclusively marine environments. The tentaculitoids occur from the Ordovician to Devonian, with diversity peaking in the Middle Devonian. The Tentaculitoidea has three orders: Tentaculitida (benthic habit), Homoctenida, and Dacryoconarida (planktonic habit). In Brazil, the oldest tentaculitoids occur in strata of the early Silurian, with the genus Tentaculites. Specimens of the Dacryoconarida and Homoctenida orders were only found in the Lower Devonian strata. In this study, we conducted taxonomic analyses of specimens in collections from various research institutions, including samples used in the last systematic study with this group, in mid-1991. The present study aims to review the systematic aspects of the tentaculitoids of the Devonian strata, Paraná basin, Brazil. Seven species of tentaculitoids were identified: two species previously described, Tentaculites jaculus and Tentaculites crotalinus and five news species: Tentaculites kozlowskii, Tentaculites paranaensis, Uniconus ciguelii, Homoctenus katzerii, and Styliolina langenii. This is the first known occurrence of the genus Uniconus in Devonian strata from Brazil. The analyzed species of homoctenids and dacryoconarids are larger than those previously described in the specialized literature. This study demonstrated that the tentaculitoids of the Paraná Basin have a stratigraphic distribution from the end of the Pragian to the early Givetian.
INTRODUCTION
The systematics of tentaculitoids is still subject of intense debates (Farsan, 1984 (Farsan, , 1994 (Farsan, , 2005 Wittmer and Miller, 2011; Schindler, 2012; Wei et al., 2012) . Considering that this is an extinct group, the classification is exclusively based on morphology and shell ornamentation of preserved pieces (Azevedo-Soares, 1999) . Tentaculitoidea has been placed among various invertebrate groups. Bouček (1964) and Farsan (1994) claimed that this class has greater biological similarities to the phylum Mollusca. However, recent studies have identified similarities with microconchids (Weedon, 1991; Vinn and Taylor, 2007; Vinn and Mutvei, 2009; Zatoń and Taylor, 2009; Vinn, 2010 Vinn, , 2013 Vinn and Zatoń, 2012) .
Tentaculitoids belong to the class Tentaculitoidea Lyashenko, 1955 (= Cricoconarida Fisher, 1962 ) and correspond to a group of animals bearing conical shells ranging in length from millimeters to centimeters (Clarke, 1913; Ciguel, 1989; Azevedo-Soares, 1999; Comniskey and Ghilardi, 2013; Comniskey, 2016) . Most of the specimens exhibit a straight shell, but they can have curved or coiled shells (Alberti, 1987 (Alberti, , 1993 (Alberti, , 1997 (Alberti, , 1999 (Alberti, , 2000 Larsson, 1979; Koren et al., 2007; Schindler, 2012) .
The class Tentaculitoidea is divided into three orders ( Figure 1 ): Tentaculitida Lyashenko, 1955 , Homoctenida Bouček, 1964 , and Dacryoconarida Fisher, 1962 . Members of the order Tentaculitida have calcite shells with thick walls, lengths of 1-80 mm and widths up to 6 mm. They are ornamented with rounded rings of different shapes and sizes. In some cases, they have macrorings with annulets (Fisher, 1962; Lardeux, 1969; Larsson, 1979) . The Dacryoconarida are usually small (8-18 mm), exhibiting a thin-walled shell and a bulbous apex. Shell ornamentation may be present, and in some cases, irregular growth lines may develop (Fisher, 1962; Lardeux, 1969) . The Homoctenida are small (8-15 mm), also displaying thin-walled shells with a narrow cone shape. They are lightly curved, rarely straight, and sometimes resemble a series of cones with thin walls (Fisher, 1962; Wittmer and Miller, 2011; Schindler, 2012) . The ornamentation consists of often numerous rings with angular profiles, all similar to each other or differing in size and concave interspaces (Lardeux, 1969) . They are different from the Tentaculitida in having prominent ornamentation (e.g., macrorings), which is repeated on the inner wall of the shell. The orders Homoctenida and Dacryoconarida are considered to be planktonic, whereas the Tentaculitida are considered benthonic (Wittmer and Miller, 2011; Schindler, 2012) .
There are few papers that report the occurrence of tentaculitoids from the Silurian of South America (Clarke, 1899b; Isaacson et al., 1976; Boucot et al., 1980; Ciguel, 1988 Ciguel, , 1989 Grahn, 1992; Heredia et al., 2007; Malanca et al., 2010) . Therefore, it is the Devonian specimens that increase the taxonomic studies of this group (Hartt and Rathbun, 1875; Derby, 1890; Ulrich, 1893; von Ammon, 1893; Katzer, 1897 Katzer, , 1903 Katzer, , 1933 Kayser, 1897 Kayser, , 1900 Siemiradzki, 1898; Clarke, 1899a Clarke, , 1913 Schuchert, 1906; Knod, 1908; Boucot et al., 1980; Ciguel et al., 1984 Ciguel et al., , 1987 Ciguel and Rosler, 1985; Ciguel, 1988 Ciguel, , 1989 .
In Brazil, there are few tentaculitoid taxa reported throughout the entirety of the Paleozoic (Hartt and Rathbun, 1875; Clarke, 1899a Clarke, , 1913 Melo, 1985; Ciguel, 1989; Azevedo-Soares, 1999; Comniskey and Ghilardi, 2013; Comniskey et al., 2015) . The pioneering studies of Hartt and Rathbun (1875) described the first tentaculitoid species, Tentaculites eldredgianus from the Amazon Basin. Later, Katzer (1897) listed the Devonian fauna of the Amazon Basin, where they recorded the Ten-FIGURE 1. Morphological parts of a tentaculitoid shell (adapted from Larsson, 1979) .
taculites crotalinus (Salter, 1856) species, originally described in Devonian strata of South Africa. Katzer (1897) also made the first mention of the genus Styliolina from the Devonian in Brazil. Clarke (1899a , b, 1913 contributed to the description of the new tentaculitoid species, Tentaculites stubeli and T. trombetensis (Amazon Basin), T. oseryi (Parnaíba Basin) and T. jaculus (Paraná Basin). The studies conducted by José Henrique Godoy Ciguel in early 1980s represented a great advancement in the knowledge of tentaculitoids in Brazil. The author described numerous species of the tentaculitoids, but only in his unpublished thesis, which is not in accordance with the standards of the International Code of Zoological Nomenclature (ICZN). Thus, the species described by Ciguel have no validity. Azevedo-Soares (1999) also analyzed the tentaculitoids of the Paraná Basin, identifying two species: T. crotalinus and T. jaculus.
After a detailed bibliographic revision on the Devonian tentaculitoids from Brazil, the scarcity of systematic information and accurate species descriptions was clear. For this reason, we present a systematic review in order to resolve the taxonomic questions of this group in the Devonian of the Paraná Basin, Brazil. The first analysis revealed that some of the species proposed by Ciguel (1989) are taphotaxa. This term was proposed by Lucas (2001) and is here used to refer a taxon with a distinct morphology that does not reflect taxonomic aspects, but rather taphonomic process that changed the original morphology (Lucas, 2001) . Therefore, several taxa were synonymized.
MATERIAL AND METHODS

Several
GEOLOGY OF THE STUDY AREA
The Paraná Basin (Figure 2 ) is an intracratonic, intercontinental and polycyclic sedimentary basin. It covers an area of 1,700,000 km 2 (Milani et al., 2007) . This basin had two depocenters, the Alto-Garças Sub-Basin (north) and the Apucarana Sub-Basin (south). Milani et al. (2007) recognized six major sequences that represent depositional periods of a few million years. The Paraná supersequence (Devonian) is the second and is represented by successive transgressive-regressive cycles that are linked to sea-level oscillations (Milani et al., 2007) . The studied outcrops are part of the Campos-Gerais Group (sensu Grahn et al., 2000 Grahn et al., , 2013 Gaugris and Grahn, 2006; Mendlowicz Mauller et al., 2009 ). The Furnas, Ponta Grossa, and São Domingos (including the Tibagi Member) formations compose the Campos-Gerais Group in ascending order (for synthesis, see Grahn et al., 2013) . A regional gap is recorded during the latest early Emsian and the earliest late Emsian, as a result of the Andean Pre-Cordillera epirogenesis (Grahn et al., 2013) .
The analyzed fossils derive from outcrops of the Ponta Grossa and São Domingos formations. The Ponta Grossa Formation is composed of black shales, light-gray, dark mudstones, massive to laminated siltstones and interspersed sandy layers with wave or hummocky cross-stratification (Grahn et al., 2013) , and trace fossils mainly representing the Cruziana ichnofacies (Sedorko et al., 2018) . This unit is characterized by marine deposits of shoreface to offshore environments, in a dominantly transgressive trend (Bergamaschi, 1999; Horodyski et al., 2014) . According to Grahn (1992) , Gaugris and Grahn (2006) and Grahn et al., (2000 Grahn et al., ( 2010 Grahn et al., ( , 2013 , this formation ranges from the early Pragian to the late Emsian. The São Domingos Formation consists of mudstones, shales, siltstones, sandstones, and conglomeratic sandstones (Grahn et al., 2013) . The main sedimentary structures are planar lamination, wave ripples, flaser bedding, and hummocky cross-stratification, and trace fossils (mainly representing proximal suites of the Cruziana ichnofacies). These strata represent marine deposits of the inner and outer shelf. According to Grahn et al., (2013) the age span is Emsian to Frasnian.
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SYSTEMATIC PALEONTOLOGY
Class TENTACULITOIDEA Lyashenko, 1957 Order TENTACULITIDA Lyashenko, 1955 Family TENTACULITIDAE Walcott, 1886 Genus TENTACULITES von Schlotheim, 1820
Diagnosis (from von Schlotheim, emended).
Medium to large (10-40 mm), conical shell, with the proximal part expanding at 6-13 degrees and distal part at 1-50 degrees, or becoming subcylindrical. This genus of the family Tentaculitidae displays a straight conch but the proximal part can be curved. Initial chamber conical is gradual in the juvenile part. Width of the distal conch is 1.5-2 mm, and occasionally up to 3 mm. The exterior part presents prominent primary rings perpendicular to oblique in relation to the long axis and distal slopes of rings. The interior of the conch is divided proximally by septa, in the most proximal part they are mostly free, and in the distal part they are endoconic. Occasionally, all endoconic septa are densely packed. The living chamber is long, with a conical or subcylindrical shape and distinctly conical proximal termination. The internal wall surface is clearly undulating along most of the living chamber because of well-developed annular shelves in the rings, distal to their crests. Pseudopuncta may be present. Description. Shells are ornamented with angular discoid rings that are slightly protruding, relatively thin, and symmetrical. The rings increase in size from the juvenile region to the aperture region, with little difference between the proximal and distal parts. Additionally, the interspaces homogeneously increase in size from the proximal region to the distal region. The interspaces are gently concave (in rare exceptions, the interspaces are deeply concave). Annulets occur in some specimens; if present, they are located in the aperture region and characterized by thin and weakly developed microstructures. The embryonic chamber is pointed to rounded.
Tentaculites kozlowskii n. sp. Figure 3 .4, 3.6-7 Description. Shell is conical and ornamented with rounded discoid, and slightly prominent rings. The thickness of the rings increase from the juvenile region to the aperture region. In some specimens, the interspaces of the juvenile portion are much smaller than the interspaces of the adult portion. In the adult region, the interspaces can be twice as wide as the rings. Interspaces are flat to slightly concave. Annulets are rare; if present, they occur in the adult and aperture region. The apical region is usually ringed.
Family UNICONIDAE Lyashenko, 1955 Genus UNICONUS Lyashenko, 1955 Diagnosis (from Lyashenko, 1955 Description. Conical ornamented shell with asymmetric angular rings. The last rings of the aperture region are pointed, facing up to a distal region. In some cases, it seems to be composed of successive cones fitted into each other. The rings are protruding, moderately thick, and the size of the rings increases gradually from the proximal to the distal region. The interspaces are gently concave to strongly concave, gradually increasing in size. In some samples, annulets can occur in the aperture region. The apex is ringed and the embryonic chamber is pointed only in a few specimens.
Order HOMOCTENIDA Bouček, 1964 Family HOMOCTENIDAE Lyashenko, 1955 Genus HOMOCTENUS Lyashenko, 1955 Diagnosis (from Lyashenko, 1955) . Small conic shell with exterior covered by angulate rings, size and spacing of which increase proportionately toward aperture; concave interring areas wider than rings. Embryonic portion is conical and separated from rest of interior, with cavity usually presenting a single septum; however, 2 or 3 septa can be present. Transverse or longitudinal striae are absent. Growth angles are 9 to 15 degrees in juvenile portion and 6 to 12 degrees in mature portion. Type species. Homoctenus krestovnikovi Lyashenko, 1955 . Age. Upper Devonian to early-middle Frasnian.
Homoctenus katzerii n. sp. Diagnosis. Shell is conical and ornamented; some specimens present a curved apical region. Rings are discoid, round, thick, slightly prominent, and symmetrical. The interannular space is highly concave. The interspace is larger in the aperture region when compared to the juvenile region.
Annulets are located at the medial and aperture regions. Apex is weakly conical and annulated, and embryonic is rounded.
Comparison. Homoctenus differs from the other genera by being smaller and having rings and interspaces with similar and regular sizes. In Tentaculites and Uniconus, the size of the rings in the shell may vary. The species H. katzerensis and H. siemiradzkiensis informally proposed by Ciguel (1989) have similar specific diagnoses and most likely belong to the same species. Homoctenus katzerii differs from H. krestovnikovi Lyashenko, 1957 (see, Lyashenko, 1957 fig. 2 Description. Conical and ornamented shell presenting angular and thin rings, which gradually increase in size from the juvenile to aperture region. Interspaces are slightly concave, and present rings twice the size of the rings in adult and aperture regions. The annulets are found in some samples, located in the adult and in the aperture region in varied amounts. Some specimens presented a ringed shell from an apical region, which are thin and not expressive. The embryonic chamber is slightly abrupt and rounded.
Order DACRYOCONARIDA Fisher, 1962 Family STYLIOLINIDAE Grabau and Shimer, 1910 Genus STYLIOLINA Karpinsky, 1884 Diagnosis (from Karpinsky, 1884 (Table 1) . Length varies from 8 to 18 mm. Growth angle from 7 to 9 degrees. Description. Surface of the shell is smooth. The species presents a narrow, straight, and conical shell. Growth lines are absent on the shells surface. The initial chamber is goticular.
DISCUSSION AND CONCLUSIONS
Taxonomy
After a detailed taxonomic review of approximately 800 samples, we verified the presence of seven species (of these, two were recognized from past research and five new species were described) of tentaculitoids for the Devonian of the Paraná Basin, Brazil. New samples found in collections, as well as the species described by Clarke (1913) and Ciguel (1989) , were analyzed in the present study.
The species Tentaculites crotalinus and Tentaculites jaculus were previously recognized from the Devonian of the Paraná Basin (Clarke, 1913; Ciguel, 1989; Azevedo-Soares, 1999) . After analyzing the species proposed by Ciguel (1989) (Figure 5 ). We decided to extend the distribution of the genus Homoctenus only from the end of the Pragian to the end of the Emsian; however, due to new occurrences of poorly preserved Homoctenus in outcrops from the lower Givetian, this group requires further analysis. All specimens found in Givetian black shales layers of the Paraná Basin are in outcrops deposited after the Kačák Crises (for more information see: Bosetti et al., 2011; Horodyski et al., 2014) .
Size
Representatives of the genus Homoctenus and Styliolina presented a longer shell than other specimens already described for the Northern Hemisphere. Specimens of these orders usually exhibit a maximum length of 10 mm. The studied homoctenids can reach 8 to 15 mm and dacryoconarids 8 to 18 mm in length. Ciguel et al. (1984) and Ciguel (1989) have also cited the occurrence of homoctenids and dacryoconarids with larger sizes than the Northern Hemisphere Until now, it was known that representatives of Homoctenida and Dacryoconarida orders had maximum shell length of 10 mm. The present authors, after analyzing dozens of samples, recognized the presence of homoctenids and dacryoconarids with larger sizes.
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